ABSTRACT
Introduction
Water contamination with industrial pollutants, heavy metals, is a very important problem in the contemporary world. they are strong environmental pollutants and many of them are toxic, even at very low concentrations. contrary to organic material, they cannot be degraded and therefore they accumulate in water, soil, bottom sediment and living organisms. Macrophytes are aquatic plants that grow in/or near water and can be classified as emergent, submerged or floating plants. Some studies have investigated the capabilities of macrophytes to remove heavy metals from the environment (30, 31, 45) , their role as biomonitors of environmental metal levels (36, 40, 41) and their capacity as biological filters of the aquatic environment (48) .
Aquatic plants are well known for accumulation and concentration of a great amount of various substances, among them metals, which they take from the environment and concentrate in the trophic chains with accumulative effect. Therefore they are useful indicators of local pollution. Some plant species can accumulate very high concentrations of toxic metals, to levels which far exceed the soil levels (5) . it is well known that all plants can accumulate heavy metals, which are essential for their growth and development, such as Mg, Fe, Mn, Zn, Cu, Mo and Ni, from soil and water. Some plants additionaly have the ability to accumulate some heavy metals, which have no known biological function. Metal uptake by plants depends on the bioavailability of the metal in the water phase, which in turn depends on the retention time of the metal, as well as on its interaction with other elements and substances in the water (20) .
Aquatic plants, with their selective absorption of certain ions and sedentary nature, are therefore suitable biological monitors in water quality studies focused on heavy metals and other pollutants in the water and submerged soil (44) . the aim of our research was to investigate the concentration and accumulation of four metals (Fe, Mn, cu and Pb) in eight native aquatic macrophytes species (passive biomonitors), in relation to metal concentration in the sediment and water samples.
Materials and Methods

Study area
The study area, the artificial lake Gruža, is located near the city of Kragujevac in the Central part of Serbia, between 44nnº 22mm' latitude and 20nnº 56mm' longitude ( Fig. 1) . The lake was created by parting the middle flow of the river Gruža, in order to supply Kragujevac and the surrounding villages with water, for the purpose of the water supply industry, as protection from floods and for the retention of sediment. Lake Gruža is 10 km long and 0.3-2.8 km wide, with a surface area of 934km 2 (14) . 
METALS CONCENTRATION AND ACCUMULATION IN SEVERAL AQUATIC MACROPHYTES
Sample collection
The field work was conducted during the summer of 2010. Samples of aquatic plants were taken from the sites with the greatest multitude in Lake Gruža. Samples of surface water and sediment were collected from various areas of the lake, at a maximum depth of 1 meter, at the same time as the plants. Soon after collection, the water samples were filtred through 0.45 µm (pore size) millipore filter and preserved in plastic bottles by addition of a few drops of nitric acid. Sediment was taken with a grab, at a depth from 0 to 10 cm, then it was preserved in bottles, labeled carefully and brought to the laboratory for further analysis. Dominant taxons in the populations of aquatic plants were selected, in order to create a real representative sample. Macrophytes were collected by hand and, after careful washing with lake water to remove periphyton and sediment, were preserved in plastic bottles. Sampled plant species were: Alisma plantago-aquatica l., Mentha aquatica l., Myriophyllum spicatum l., Bidens tripartitus l., Polygonum amphibium l., Lycopus europaeus l., Typha angustifolia l. and Roripa amphibia (l.) Bess.
Determination of plant material and metal analysis
Determination of plant material was performed in the laboratory of the Institute of Biology and Ecology, Faculty of Science in Kragujevac, with the help of standard keys for determination: Javorka and Csapody (24), Flora of the Republic of Serbia (25) and Flora europaea (47) . Identified plant material was elutriated in distilled water and then dried at room temperature. then, it was dried in a dryer (Binder/Ed15053) for 24 hours at a temperature of 105ºC and prepared for chemical analysis by standard procedures, which are used for water and water plants (according to norms APhA) (4) . Analyzed metals were: iron (Fe), manganese (Mn), copper (cu) and lead (Pb). Measurement of metal concentration in plant tissues was carried out by atomic absorption spectrophotometer (Perkin-Elmer, model 3300/96) with MHS-10 hydride system and a computer at the Agricultural Faculty in Belgrade-Zemun. chemical analysis of water and sediment was done by standard methods, at the institute of Public health Division of hygiene and Medical ecology, in Kragujevac. the metal concentrations in water and sediment were determined by atomic absorption spectrophotometer (EPSON FX-870/P710A/2JB0012273), directly from the solution. concentrations of water, sediment and plant samples were measured in duplicate. the mean values of investigated elements were calculated for water, sediment and plant samples. the contents of metals in the water were expressed in mg·l -1 , whereas those in the sediment in mg·kg -1 and plant materials in mg·kg -1 dry weight. the concentration factor (c.F.) was used as a quantitative measurement for the comparison of the concentration of an element in an aquatic organism with that in the water where the organisms lives (15, 42) . it was calculated as the ratio between the concentration of the element in the organism (related to the wet weight) and in the water. c.F. was calculated for all investigated plants. Further, the ratio between the concentration of the metals in the organism (related to the wet weight) and in the sediment was calculated, too.
SPSS statistical program was used to calulate different data. After verifying the normality of the variables, standard one-way analysis of variance (AnoVA) was used to check the existence of significant differences between metals regarding the element content of plants species. the differences at P<0.05 were considered to be significant. Correlations were also used for determination of statistical significance. Pearson correlation coefficient analysis was done between metal pairs, to check if differences existed between different metal combinations in plant samples, and also correlations between the concentration of metals and plants samples. the product of the correlation coefficient (r) was evaluated (37) as follows: 0-0.3: no correlation; 0.3-0.5: low correlation; 0.5-0.7: medium correlation; 0.7-0.9: high correlation; 0.9-1.0: very high correlation. In this study, the statistical analysis of data was performed using Microsoft Office Excel and the computing package called Statistical Package for Social Science (SPSS 10 for Windows).
Results and Discussion
Water and sediments the concentrations of metals were far higher in the sediment than those calculated for the same metals in the lake water ( Table 1) . the concentration of Fe in the lake water (0.973 mg·l -1 ) and in the sediment (159.7 mg·kg -1 ) were the highest. the values of the ratio between element concentrations in the sediment and those in the water were the highest for Fe (164.132). the result of this study that the concentrations of metals were far higher in the sediment than in the lake water agrees with some previous findings (9, 10, 17, 39, 43) . Lead was not detected in the water, due to the fact that its concentration was lower than the detection limit of the method (detection limit for Pb in water was lower than 0.010 mg·l -1 ). the element accumulation in the sediment is the result of long term exposure, whereas the element concentration in the water is mainly the result of recent contamination (6, 7) . the concentration of some elements in the water was mainly below the limit of detection, probably due to performed sedimentation processes, where less soluble forms are accumulated in the suspended or sedimented phases. in addition, elements are also absorbed by plankton, which can accumulate elements relatively rapidly from water (13) . Sediment is the most important reservoir of trace elements and other pollutants in aquatic environments, so rooted aquatic macrophytes and other aquatic organisms can take up these pollutants (33) . Abiotic factors such as organic matter content, ph, nutrients concentration in sediment and water, redox potential, water hardness, light, microbial activity and physical factors are all very important in trace element distribution in water and sediment, and hence their availability to aquatic macrophytes (22) . Fig. 2 shows the concentrations of four metals (Fe, Mn, cu and Pb) in eight species of macrophytes. the mean concentration values of these metals in plants decreased in the following order: Fe > Mn > cu > Pb. As for plants, the mean metal concentration values increased as follows: Bidens tripartitus < Alisma plantago-aquatica < Polygonum amphibium < Lycopus europaeus < Typha angustifolia < Roripa amphibia < Myriophyllum spicatum < Mentha aquatica. the species Mentha aquatica and Myriophyllum spicatum had the greatest capacity for concentrating trace elements, which were higher than 10 3 .
Macrophytes
The level of enviromental pollution could be refl ected by organisms that have the ability to take up elements proportionally to their concetration in the enviroment. this is related to organisms that accumulate the elements independently from their physiological needs because they do not have the capacity to discriminate between different elements. in our study, such an example were the high concentrations of investigated elements which were accumulated by Mentha aquatica and Myriophyllum spicatum. it has been reported that different species of the same genus, under the same environmental conditions, have different heavy metal bioaccumulation ability (44) . thus, the metal uptake by plants does not depend on the metal concentration in the environment, but rather is regulated by plant physiological mechanisms. the c.F. values for all the studied species and metals are shown in the Table 2 . the mean c.F. values of metals in the investigated plants increased as follows: Bidens tripartitus < Alisma plantago-aquatica < Polygonum amphibium < Lycopus europaeus < Roripa amphibia < Typha angustifolia < Myriophyllum spicatum < Mentha aquatica. the mean c.F. value of Fe was the highest. lead was not detected in the water, due to the fact that its concentration was lower than the detection limit of the method, preventing the calculation of its c.F.
According to De Bortoli at al. (15) , the c.F. may be calculated when in an organism the concentration of a certain element is or is not at equilibrium level with that in the water; the fi rst case is described as the "real C.F." or "C.F. at equilibrium", the second is the "observed C.F." When the c.F. value is at equilibrium, the releasing rate of the pollutant from the organism is equivalent to the in-taking rate and, consequently, the pollutant concentration in the organism is fairly constant. this may occur if the pollutant concentration in the water is constant over time and the organism is in a physiological steady state. the values for c.F. obtained in this study agree with previously reported data (27, 28, 29, 42) .
the ratios between the concentration of the element in the plant (related to the wet weight) and in the sediment are shown in the Table 3 heavy metals are removed from the aquatic environment by physical, biological and biochemical processes which take place in the water, biota and suspended solids. the domination of some processes depends on the composition of the system, the ph, the redox state and the pollutant nature (35) . Dunabin and Bowmer (18) have proposed that emergent plants influence metal storage indirectly by modifying the substratum through oxygenation, bufferin, ph and adding organic matter. There are two mechanisms -"bioconcentration" (uptake from the ambient environment) and "biomagnification" (uptake through the food chain), which are responsible for persistance and accumulation of heavy metals in water, sediment and into the tissues of the living organisms (12) . the fact that phytochelatin-metal complexes are pumped into the vacuole indicates that it could be considered as the main storage site for metals in yeast and plant cells (21) . According to Suresh and Ravishankar (46) , phytochelatins and metallothioneins in the plants form complexes with heavy metals and translocate them into the vacuoles. this is a way for hyperaccumulation of various heavy metals in plants.
iron, directly or indirectly, is involved in many life processes of plants: chlorophyll biosynthesis, photosynthesis, respiration, fixation of elemental nitrogen, nitrate and nitrite reduction, metabolism of carbohydrates and in different redox systems. on the other hand, oxidative stress in plants can be caused by high concentrations of Fe (8) . Some authors consider that Fe concentration of 40-500 mg·kg -1 (3) and 5-200 mg·kg -1 (32) are toxic to plants. however, in this study, the Fe concentrations found in some of the investigated plants were much higher than prevoiusly cited. these results are in accordance with other authors (1, 10, 11) . Also, Alberts and camardese (2) reported that concentration of metals in plants can be more than 100000 times geater than in associated water. in many redox enzymatic processes and photosynthesis, Mn is an essential and necessary element (11, 34) . in many plants, Mn has a range between 20 and 300mg·kg -1 . however, in some plants its level may be as high as 1500 mg·kg -1 , without any harmfull efects (38) . Also, Mn concentrations 50-500 mg·kg -1 are considered as toxic to plants by Allen (13) . Markert (32) reported that a concentration of Mn above 700 mg·kg -1 is toxic for plants. the results of our study indicated that the species Typha angustifolia and Mentha aquatica can be considered as bioaccumulators of Mn, since they concentrated Mn in their tissues at higher levels than the normal range for plants.
Kabata-Pendias and Pendias (26) reported that cu levels of various plants from unpolluted regions in different countries changed between 2.1 and 8.4 mg·kg -1 . According to the results of our study, the concentrations of cu in all investigated aquatic plants (except Typha angustifolia) were within these concentration limits. the higher concentration of cu in plants , and the maximum accumulation of Pb was detected in roots. in our study, the Pb concentrations found in Mentha aquatica (11.779 mg·kg -1 dry weight) and Alisma plantago-aquatica (5.014 mg·kg -1 dry weight) were higher than some prevoiusly cited. the difference might be due to air pollution by exhaust gases emitted from the traffic (16) .
the analysis of variance between the concentration of metal in plant and the investigated plant species showed significant difference (P<0.05) between the level of cu accumulation in different plant species ( Table 4) . The output of the Pearson correlation coefficient (r) analysis on the combination of different metal-pairs, which were accumulted in the investigated plants, showed no significant and positive correlation (0-0.3: no correlation) in plant accumulation between the metal-pair Fe*Mn and Fe*Pb (Table 5) . the correlation in plant accumulation between the other metal-pairs was negative and had no statistical significance. The Pearson correlation coefficient between metal concentrations and plant species showed low correlation (r=0.34) in cu accumulation between plant species (Table 6) . the correlations in plant accumulation of Fe, Mn and Pb and plant species were negative. The positive significant correlation between Cu accumulation and different plant species indicated that there is a linear dependence in cu accumulation by the investigated aquatic plants. Based on the above results, it is obvious that there exists a specific and uniform way by which different plant species accumulate and concentrate cu in their tissues.
these results showed that the aquatic plants possess different accumulation ability for selected metals. Gupta and Sinha (23) reported that the process of metal uptakes and accumulation by different plants depends on the concentration of available metals in soils, solubility sequences and plant species. As suggested by ellis et al. (19) , the extent of metal adsorption and its distribution in plant seems to have important effects on the capacity and rate of metal removal, in the metal residence time and the metal release to the environment. the difference in the age of plants and the presence of different pollution sources in time make the comparison of metal content in macrophytes difficult (49) .
Conclusions
this study was carried out on eight species of aquatic macrophytes, with the aim to determine the capacity for accumulation of four metals (Fe, Mn, cu and Pb), which is important for bioindication, bioremediation and biomonitoring of aquatic ecosystems.
the results showed that the concentrations of all investigated metals were higher in the sediment than in the water of the artificial lake Gruža. The mean concentrations of the investigated elements in macrophytes had the following order: Fe > Mn > cu > Pb. the highest concentrations of metals were recorded in Mentha aquatica and Myriophyllum spicatum. the statistical analysis revealed positive and significant difference (P<0.05) between Cu accumulation and plant species. The Pearson correlation coefficient showed low correlation in cu accumulation between the plant species. these results suggested that the aquatic plants possess different accumulation ability for some selected metals. the results obtained indicated an important role of macrophytic vegetation in aquatic ecosystems, and confirmed the presumption that chemical analysis of test-species can give a very important picture of the ecological status of the investigated aquatic ecosystem. the remediation potential could be enhanced by combination of several different macrophyte species in order to develop a cleaner, more economic and efficient way for removing pollutants from the environment.
